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Abstract 

In  this  work,  thin  films  of  LivNiOv  were  deposited  by  rf  reactive  magnetron  sputtering,  from  a  LiNiOz  target.  The  composition  of  the 
films  was  analyzed  by  Rutherford  backscattering  spectroscopy.  The  electronic  structure  was  analyzed  by  photoelectron  spectroscopy,  using 
either  X-ray  (A1  Ka)  or  synchrotron  light  (120  eV).  X-ray  diffraction  showed  a  clear  presence  of  LECCE  in  the  target  material,  after  some 
deposition  runs.  The  presence  of  superficial  lithium  carbonate  was  also  evidenced,  for  all  films.  ©  2001  Elsevier  Science  B.V.  All  rights 
reserved. 
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1.  Introduction 

LiNiCE  in  powder  form  is  one  of  the  most  studied 
materials  for  applications  in  lithium  ion  batteries  [1,2]. 
However,  the  storage  of  this  material  in  air  can  cause 
degradation,  mainly  by  reaction  with  atmospheric  C02, 
and  formation  of  LLCCE  [3]. 

In  thin  film  form,  only  a  few  studies  have  been  reported 
[4-6].  In  this  work,  Li,NiOv  films  were  deposited  by  rf 
reactive  magnetron  sputtering.  The  samples  were  character¬ 
ized  by  surface  and  bulk  techniques,  and  the  presence  of 
superficial  LECCE  was  evidenced.  The  surface  carbonate 
seems  not  to  drastically  affect  the  electrochemical  perfor¬ 
mance  of  the  film,  but  it  acts  de-intercalating  lithium  from 
the  host  material,  which  affect  the  charge  capacity  in 
secondary  devices. 

2.  Experimental 

The  films  were  deposited  by  rf  sputtering  on  tin  dioxide/ 
7059  corning  glass  substrates  and  on  ultra  dense  amorphous 
carbon  wafers.  The  target  material  was  produced  by  heat 
treatment  of  LiOHH20  and  Ni(NCE)2-6H20  mixture.  The 
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final  powder  was  cold  pressed,  in  the  dimensions  of  the 
target.  The  films  were  deposited  in  an  oxygen  plus  argon 
atmosphere,  under  a  7  x  1 0  4  mbar  total  pressure.  The 
oxygen  flow  ( <p0 )  was  varied  between  0  (pure  Ar  atmo¬ 
sphere)  and  9.0  seem,  at  room  temperature.  The  power  levels 
were  either  100  or  150  W. 

Rutherford  backscattering  spectroscopy  (RBS)  analysis 
was  done  using  a  2.4  MeV  He4  beam,  with  scattering  angles 
of  100  and  170°  (a,  a.).  Photoelectron  spectroscopy  was  used 
to  investigate  the  core-level  and  valence  band  spectra  of  the 
different  films.  Some  films  were  submitted  to  a  constant 
current  electrochemical  deintercalation  process  in  LiCIO/ 
PC,  and  cleaned  by  immersion  in  isopropyl  alcohol  before 
analysis.  A  pressed  LECCE  sample,  and  a  thermally  oxi¬ 
dized  nickel  were  also  analyzed.  The  equipment  was  a  VSW: 
HA  100  using  radiation  A1  Ka.  The  binding  energies  were 
referenced  to  the  C  Is  line  of  surface  carbon  taken  as 
284.6  eV.  The  pressure  in  the  chamber  was  kept  around 
2  x  1 0  9  Torr.  The  valence  band  was  also  studied  by  photo¬ 
electron  spectroscopy,  at  the  TGM  beamline  (National 
Laboratory  of  Synchrotron  Light,  LNLS,  Campinas,  Brazil) 
using  the  surface  science  work  station.  The  excitation  energy 
was  120  eV. 

The  X-ray  diffraction  (XRD)  measurements  were  per¬ 
formed  on  fresh  synthesized  LiNi02  powder  or  on  the 
powder  scratched  from  the  target  surface,  after  a  few  deposi¬ 
tions.  The  diffractograms  were  obtained  using  Ni  filtered  Cu 
Ka  radiation. 
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3.  Results  and  discussion 

Fig.  1  presents  the  C  Is,  O  Is  and  Ni  2p  XPS  spectra  for 
films  deposited  under  different  conditions.  The  sample 
number  indicates  the  deposition  run,  beginning  with  a  fresh 
target  (e.g.  sample  1  was  deposited  at  the  first  run;  sample  8, 
at  the  eighth  run).  Spectra  for  deintercalated  samples  are  also 
shown.  Two  main  peaks  are  present  at  all  the  C  Is  spectra 
(Fig.  la).  The  peak  located  at  ~290  eV  is  attributed  to  C  in 
carbonate  [7]  (present  at  289.9  eV  at  the  Li2C03  reference 
sample).  The  peak  centered  at  284.6  eV  is  assigned  to 
hydrocarbon  present  in  the  residual  gas  of  the  analysis 
chamber. 

The  O  Is  spectra  (Fig.  lb)  also  present  two  peaks.  For  all 
samples,  with  the  exception  of  the  sample  8,  the  peak  at 
higher  energies  is  centered  at  ^531.4/531.7.0  eV,  and  is  the 
characteristic  of  carbonate  binding  energies;  the  Li2C03 
control  sample  presents  the  single  O  Is  peak  at  531.5  eV. 
This  binding  energy  is  dislocated  to  higher  energies 
(532.6  eV)  for  sample  8;  this  shift  is  an  indication  of  the 
presence  of  OH  groups  at  the  sample  surface.  The  second  O 


Is  peak  is  located  at  ^529.3/530.1  eV,  at  an  energy  char¬ 
acteristic  of  NiO  [8,9]. 

The  Ni  2p3/2  spectra  (Fig.  lc)  presents  the  well  known 
double  peaked  lines,  centered  at  ~855.4  and  ~861.2eV 
(satellite).  These  energies  are  characteristic  of  Ni  valence 
state  in  Ni203  (855.8  and  861.4  eV)  or  Ni(OH),  (856.6  and 
862.4  eV)  and  higher  that  the  energies  observed  for  NiO 
(854.5,  856.3)  [10].  Interestingly,  the  deintercalated  sample 
did  not  present  any  energy  shift  for  core  levels,  in  compar¬ 
ison  with  the  as-grown  sample  (Fig.  1). 

Fig.  2  presents  the  valence  band  spectra,  at  two  different 
excitation  energies.  The  Li  Is  peak  is  centered  at  ~55  eV. 
This  energy  is  characteristic  of  the  presence  of  Li2C03  [7], 
in  accordance  with  the  observations  for  the  core  level 
spectra.  Also,  the  O  2s  (energy  range  18-32  eV)  and  the 
C  2p  +  O  2p  lines  (energy  range  3.2-15  eV)  presents  a  series 
of  peaks  that  can  be  attributed  to  the  carbonate.  For  the  as- 
grown  sample  8,  the  Ni  3d  signal  at  ~  1 .0  eV  (XPS  and  UPS 
data)  is  also  present  (see  the  spectrum  for  the  nickel  oxide 
sample,  Fig.  2),  but  disappears  for  the  deintercalated  sample 
(UPS  data). 


Fig.  1.  Core  level  photoelectron  spectra.  Excitation  energies:  Al  Koc  (1486.6  eV):  (a)  C  Is  spectra;  (b)  O  Is  spectra  and  (c)  Ni  2p  spectra  (■)  sample  2,  film 
deposited  at  P  =  100  W,  02  flow  =  9  seem,  as-grown;  (O)  sample  8,  film  deposited  at  P  =  150  W,  02  flow  =  9  seem,  as-grown;  (#)  sample  8,  film 
deposited  at  P  =  150  W,  02  flow  =  9  seem,  de-intercalated;  (♦)  sample  1,  film  deposited  at  P  =  100  W,  without  02  flow;  (O)  Li2C03  powder;  (+)  nickel 
oxide. 
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Binding  Energy  (eV) 

Fig.  2.  Valence  band  photoelectron  spectra  at  two  different  excitation  energies:  Al  Koc  (1486.6  eV,  upper  spectra)  and  synchrotron  radiation  (120  eV,  lower 
spectra).  Samples:  (A)  sample  9,  film  deposited  at  P  =  150  W,  without  02  flow  during  deposition;  (O)  sample  8,  film  deposited  at  P  —  150  W,  02 
flow  =  9  seem,  as-grown;  (#)  sample  8,  film  deposited  at  P  —  150  W,  02  flow  =  9  seem,  de-intercalated;  (♦)  Li2C03  powder;  (+)  nickel  oxide;  (v) 
LiNi02  powder. 


Table  1 

Atomic  ratios  (±20%)  calculated  from  XPS  data 


Sample 

Power  of  rf  (W) 

O  ls/C  Is 

O  ls/Cco3 

O  ls/Ni  2p 

O  2s/0  Is 

Li  ls/O  Is 

i 

too 

1.5 

2.5 

>100 

0.7 

1.6 

2 

too 

1.6 

2.2 

>100 

0.7 

1.6 

8 

150 

0.7 

3.2 

10 

1.6 

0.70 

Deintercalated  8 

150 

0.6 

2.6 

22 

1.5 

0.80 

9 

150 

1.6 

2.3 

31 

1.4 

1.05 

Li2C03 

- 

0.94 

2.5 

- 

0.80 

1.2 

Nioxid 

- 

0.75 

- 

3.2 

1.1 

Table  1  presents  the  atomic  ratios,  calculated  from  the 
XPS  data.  The  huge  O  ls/Ni  2p  values  can  be  explained  only 
if  the  sample  surface  is  dominated  by  carbonate  compounds. 
On  the  other  hand,  Fig.  3  presents  a  characteristic  RBS 
spectra.  The  carbon  pre-peak,  located  at  0.60  MeV,  is  well 
separated  from  the  main  substrate  signal.  Also,  the  oxygen 
signal  presents  a  non- statistical  bump,  located  at  0.86  MeV. 
These  two  features  are  a  clear  indication  of  the  presence  of  a 
carbon-oxygen  compound  located  at  the  sample  surface. 
The  O/Ni  ratio,  calculated  from  this  data,  is  2.3  (sample  2); 
the  values  obtained  from  XPS  data  (Table  1)  are  much 
higher,  which  is  compatible  with  the  fact  that  XPS  is  a 
surface  technique  in  contrast  to  the  bulk  character  of  the 
RBS  technique. 

Fig.  4  presents  the  XRD  data  from  the  LiNiOa  powder, 
which  was  used  to  construct  the  target  for  film  deposition. 
The  experiments  were  performed  both  from  a  fresh  synthe¬ 
sized  powder  (Fig.  4a)  and  from  the  powder  scratched  from 
the  target  surface,  after  a  few  depositions  (Fig.  4b).  A  clear 


Energy  (MeV) 


Fig.  3.  RBS  spectrum,  sample  2. 
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Fig.  4.  XRD  from  (a)  a  fresh  LiNi02  powder  and  (b)  powder  scratched 
from  the  surface  of  the  target,  after  a  few  depositions.  The  Li2C03 
diffraction  peaks  are  indicated  by  the  open  circles  around  26  —  30°. 


presence  of  Li2CC>3  is  seen  in  the  diffractogram  relative  to 
the  bombarded  target. 

The  main  conclusion,  from  these  data,  is  that  LiNiOa  is  a 
very  sensitive  material  to  C-0  atmosphere.  The  sputtering 
process,  even  from  a  carbonate-contaminated  target,  can 
destroy  the  carbonate  groups,  and  the  main  compound 
present  in  the  films  are  carbonate-free.  After  deposition. 


the  films  react  with  air,  and  a  thin  IJ2CO3  layer  is  formed, 
but  only  at  the  sample  surface.  The  electrochemical  process, 
or  the  cleaning  process,  is  unable  to  destroy,  or  can  recon¬ 
struct,  this  superficial  carbonate  layer.. 3 
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